o 

ft- 



PATENT SPECIFICATION 

DRAWINGS ATTACHED 



*0 




Dote of AppHcot/on and [>lin S Complete Speci/icotJon Aprif 19, 1962 
No. 15237/62. 

Complete Specification Published Sept. 22. 1965. fff^f^T^ \\W\^\P 
© Crown Copyright 1965. ^1S|B 

; . — /^nrr. 1 •■1965 



■ndcx at acceptance: 
:nt. CI.: — B 24 d 



-C4 V(l, X) 



DEC 1 • 1S65 

3M TECHNICAL 
LIBRARY. 



COMPLETE SPECIFICATION 
Abrasive Articles and Methods of Making the Same 



W«v Recall Drug and Chemical Com- 
pany, a Corporation organised under the laws 
of the State of Delaware, United States of. 
America, of 84S0 Beverly Boulevard, Los 
Antjclcs, in the County of Los Angeles, ana 



ordinarv . rieid . bonded ■ grinding' wheels, 
although stronger and of imicn longer Me 
than conventional coated abras ivc P^s, 
lack the flexibility and much of the versatility 
offered by the latter type o product. Efforts 
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do hereby declare the invention, for which wc 
prav that a Patent mav be. granted to us, 
and the method by .which it is to be per- 
formed to be particularly described, in and 
bv the 'following statement:— _ 
' THIS INVENTION RELATES TO the 
manufacture of abrasive products. _ 

There has been a long-standing and insis- 
tent demand and need for abrasive product* 
embodying ccnain. specific, highly desirable 
qualities. 'The primary qualities arc listed as 
follows : — 

1. Free-cutting abrasive action. 

2. Controlled "flexibility. 

3. Multiple grain thickness of abrading 

component. , . , 

4. High strength with accompanying high 

speed safetv factor. . - . 

5 Resilient or cushioned action comparable 
to the effect of a built-in shock absorbing 

media. . .• 

6. Controlled . intermittent cutting action 

similar to saw-tooth cutting action. 

7. thorough and effective utilisation of the 
abrasive material. ■ ■■■ . . 
'.8. Extraordinarily long life of the abrasive 

product. 

' The prior art has offered many different 
forms of abrasive products, each of which 



these various characteristics or qualities have 
met with little or no success . 

It is therefore an object of the present in- 
vention to provide an abrasive product that 
can be made in flexible form such" as in the 55 
form of a belt, disc or other shape, but is .not 
restricted to a single layer of abrasive grams 
substantially one grit, size thick and. which, 
will have much longer life. . M 

According to the present invention there ou 
is provided an abrasive aniclc comprising a 
.multiplicity of small, isolated, ngidly-bondcd 
abrasive bodies secured in a bonded abrasive- 
containing matrix of a permanently resilient, ^_ 
thermoplastic resin. - 

According to a further aspect of the present, 
invention there is provided a method ot 
making a flexible abrasive article having a 
functional surface of substantial depth com- „ 
prisinr forming an abrasive-containing fibrous 
matrix bonded bv a thermoplastic- resin, 
forming tapered cavities in said matrix, load- 
ing said cavities with abrasive granules and 
a hcat-hardenable resin bond, and subjecting 
the matrix to heat and pressure to harden O 
the resin bond and mature the thermoplastic 
■ resin of the matrix. ■ ■. ' 

The present invention is based on tnc 
mechanical conccpf of fabricating an abrasive 



forms of abrasive products each , ol -men J*^^^ num ber of indivi- 
has Prided one or more 0. the. cities article^ ^ p ^ a , ; 
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to some degree hut always at a sacniicc of 
one or more of the other equally .desirable 
dualities or features. For example, a conven- 
tional co;ucd abrasive belt or disc has a high 
decree of flexibility and free-cutting action 
but is of inordinately short life because or 
the limitation of the abrasive coating to sub- 
stantially a single grit size in thickness. Again, 



dual small "strongly or rigidly bonded abrasive 
bodies, appropriately designated herein as 
nbrasive micro segments or micro segmental 
bodies, each of these small abrasive NsJk^ ' 
positioned into a pattern for effective abrad- 
ing and vet vieldably supported so as to have 
a ^conwlled" mobility whereby fresh .anting 
facets of the abrasive micro segments are 
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conStantlv prcscntoTat the abrading face of 
the article. Furthermore, the resulting abrasive . 
article mav be of over-all . flexible character, 
despite the fact that the abrading component 
is of substantial thickness. These objectives .. 
have been accomplished by forming an abra- 
sive article from a multiplicity of individual 
rh'idlv bonded abrasive bodies mounted or 
supported in a surrounding resilient matrix 
or reticulum which may be flexible in,, such 
a way that the rigid . abrasive bodies can be 
described as bcini; hinged to the ribs of the 
reticulum. Hie reticulum is also abrasive m 
character,- and preferably reinforced by a net- 
work of filamentary material. The . resulting 
abrasive cfvmtwncnt made up of the abrasive 
bodies- and surrounding reticulum may be 
suitably mounted or secured upon a backing 
or support to form the desired article, such 
as an abrasive belt or disc, grinding wheel, 
set-up wheel, polishing wheel or other shape. 
According to another modification of the in- 
vention, the abrasive reticulum bearing the 
nc:;itioniscd micro segments is applied to one 
nr both 'lateral faces of a grinding wheel, such 
as a cutting off wheel, or to the one side. of a 
depressed Centre disc wheel, to impart ■ an 
abrasive surface of patterned roughness. 

.In order that the invention may ■ be more 
clearly understood, reference is made to the 
various figures of the accompanying drawings, 
. in which: — ' . . 1 

. Figure 1 is a top plan view of an abrasive 
disc made in accordance with- the present ■ 

invention; , ■ 

Figure 2 is a cross sectional view through 
the line' 2—2 of Figure 1; , ; ^ 

Figure 3 is a view similar to that of Figure - 
2 showing a modified form of flexible abra- 
sive disc made in accordance with the present 

invention; , . ^ 

• Fimire 4 is a highly enlarged .fragmentary 
cross-sectional view of the annular portion ot 
the abrasive disc of Figure 3; . . 
■ Figure 5 is a bottom plan view of one 
form of reticulum used in making abrasive 
articles in accordance with the present . inven- 
tion, the view showing the reticulum as filled 
with the micro segmental -abrasive bodies; . 

Fi-urc 6. is a sectional view through a 
fragment of Figure 5; \ •. , 

Figure 7 is a perspective view of an abra- 
sive belt made according to the present inven- 
tion; and " . , . , r 
Figure S is an enlarged . sectional view ot 
an abrasive cutr.ing-ofT wheel embodying cer- 
tain features of. the present invention^ . 

The abrasive articles of the present inycn- 
tionrirrespective. of the specific form m which 
thev are made, can be briefly described as 
consisting- of two components, namely (;•.) a 
plurality" of ricidlv ' bonded small abrasive 
bodies 'herein designated as abrasive jnicro 
<c«mcnts or micro segmental abrasive bodies, 
■v a 'csilicnt abrasive-bearing means or rcti- 
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culun, prefcrablyW^«t with 
rcinforcinu demons^ for. rcu.ni.ng the smzll 
abrasive micro segments, in potion lor eLc.- 
tivc cutting action and proving tnem wnh 
a resilicnf cushioned support;:^ ■ nvjuum -b 
well as supplementing their abr^ivc^n. 
•The abrasive-bearing means or rcticu.i.... 
also serve as a means for mounting orattacn- 
ing the abrading component to a suable 
support or backing, and may r,c oi 

• nature. -„ m ^c/»^ 
The abrasive micro segments are composed 

of abrasive urains of any desired gnt or 

panicle size V si/,., and tYM^*** 

organic bond such as a heat-hardened p^Boj 

formaldehyde resinous condensation product 

or a vulcanised hard rubber, together with 

other auxiliary ingredients such as catagsts, 

vulcanisers, accelerators, or fillers to obtain 

the desired catalytic action, accompanied b> 

• vulcanisation and/or polymerisation under the 
proper selected conditions of. time, t«npcr- 

. Jturc and pressure. Suitable compositions for 
making resin-bonded and rubber-bonded 
abrasive bodies are too well known to require 
detailed formulation and description hc.cin, 
' having been disclosed in numerous • prior art 
patens and in the literature. For exampic .he 
followinc patents disclose compositions for 
making resin-bonded abrasive boa.es suitable 
for use in carrying out the present invention: 
British Patent No. 225,436 
British Patent No. 431,062 
British Patent No. 33?, 409 
British Patent No. 467.434 
U.S. Patent No. 2.171.635 to Robic ct al. 
Similarly,- British Patent No. 311,104 dis- 
closes compositions that can be used to jiukC 
rubber-bonded abrasive bodies. Haying pre- 
pared a distributable mass of abrasive grains 
and crcanic resinous or nibbcr heat-harden- 
ablc hind of the selected composition, the 
individual "small abrasive bodies or micro 
Moments arc formed and positioned m the 
' supoortins matrix or reticulum in the manner 
described later herein. As pointed out below, 
the individual abrasive micro segments arc 
■prcferablv given a tapered conformation -such 
as that of a fcur-sidcd pyramid in order to 
provide, additional means for securing them 
against dislodgemcnt during use of the abra- 
sive article. . . . - , _. 

\n abrasive-bearing matrix or reticulum 
that has heen found .satisfactory" as the cajrter 
means and supporting medium ior the. indi- 
vidual abrasive micro segments described 
above can be made as follows. Using the 
process described in British Patent No. 
S57,(m' an abrasive-included hbrous web is 
■ formed ' embodying" a permanently thermo- 
plastic resinous polymerisation products as inc 
interstitial bonding, medium for the inter- 
locked textile fibres and abrasive granules, it 
is essential for purposes of the present inven- 
tion that the bonding constituent of the 
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fibrous web" be of permanently tough resilient 
character. . 

We have found, that the thermoplastic 
resinous polymers, copolymers and hetcrpoly- 
5 mers of acrylic acids, such as the low and 
high acrylic esters of acrylic and methacrylic 
. acids are highly satisfactory as the thermo- 
plastic resinous binder of the reticulum or 
• matrix. Among those acrylic polymers which 

K ■ can be used are polymerised methyl acrylatc, 
ethyl acrylatc,. methyl methacrylatc, poly- 
merised methacrylic acid, butyl mcthacryiates, 
propyl mcthacryiates, both polymerised and 
cppolymcrised with one another. Furthermore, 

15 any degree of flexibility and toughness in the 
thermoplastic resinous matrix can be obtained 
by blends of the various acrylic or acrylatc 
\ polymers, or by the use of various plasticiscrs 
with the basic polymer. These acrylic resins 

20 arc compatible with most classes of plasticiscrs . 
including phthalatcs, 'tartrates, phosphates, 
and adipates. The general physical proper- 
ties of various acrylic resinous materials and 
how they can be varied by the selection of 

25 the correct ester or blend of esters, with or 
without plasticiscrs or other modifiers arc 
fully set forth in the literature and. in many' 
issued patents. 

While we have pointed out above how 

30 '. various acrylic polymers of suitable tough- 
ness and flexibility can be used as the binder 
of the matrix or reticulum for. securing the 
abrasive micro segments together in articles 
made according to the present invention, other 

35 thermoplastic resinous materials comparable 

* . to the acrylic resins in these properties can be. 
similarly used. 

After the abrasive-containing fibrous web 
of thermoplastic material has been formed it 

40 is subjected to a moulding operation, such. as 
by passing it through a set of . configurated 
rollers or subjecting it to pressure between 
mould plates of suitable design to form in 
the material a multiplicity of small cavities 

45 or pockets, preferably of tapered configura- 
. tion, extending in from one side of the 
fibrous web or . sheet. When the abrasivc : in- 
cluded fibrous sheet of thermoplastic material 
is reinforced with a network of filamentary 

50 strands such as. nylon or glass fibre strands, 
the moulding operation is carried out so that 
the pockets or cavities formed in the material 
are in register with the interstices formed 
by the network of reinforcing filaments. , 

55 During the formation of the abrasive-included 
fibrous sheet material a 'reinforcing network 
of filamentary strands of nylon, glass yarn or 
other reinforcements is incorporated into the 
structure. The moulded sheet material is then 

60 cut into the desired size and shape for mak- 
ing abrasive articles of the. selected form and 
type. For example, if abrasive discs are to be 
made the sheet material is cut out in the form 
of discs of a diameter equal to the diameter 

65 of the abrasive disc to be made. 



After the abrasive gram-resin "bond com- 
position has been prepared in sufficient quan- 
tity,, and the moulded abrasive-bearing 
thermoplastic resin sheet material has been 
fabricated and cut to size, the abrasive -ankle 70 
is assembled and formed as follows, A layer 
of the moulded thermoplastic resinous sheet 
material is placed upon the bottom plate of 
a mould with the cavities of the moulded 
sheet material facing upwardly. The abrasive 75 
grain-resin bond composition is then placed 
upon the sheet material and distributed there- 
over to fill each of the individual pattemiscd 
cavities thereof. The flexible backing materia!, 
cut to the same size and shape as the moulded 80 
abrasive-containing reticulum, is placed over 
the abrasive filled thermoplastic matrix or 
■reticulum, the top mould plate placed over 
the assembled materials and the entire assem- 
bly subjected to heat and pressure fo: a suffi- 85 
cicnt period of time to polymerise or vulcan- 
ise the resin or other organic bond of the 
abrasive segments, mature the thermoplastic 
resin of the reticulum and combine the back- 
ing and the abrasive-filled reticulum and form 90 " 
the resultant abrasive article. 

Any suitable flexible material can be used 
as the backing such as one or more layers of 
latex-filled fabric, canvas, drills, or other 
suitable flexible materials/ the fibres of any 95 
of said fabrics being any material or synthetic, 
organic or inorganic textile fibrous material, 
such as and including glass or ceramic fibres, 
nylon or other polyamide fibres, polyester 
fibres, and rc-gencrated cellulose (rayon) 100 
.fibres, singly or in blends. 

Referring further to the drawings, Figures 
I and 2 illustrate an abrasive disc made in 
accordance with the teachings of the present 
invention. The flexible disc 10 as shown is 105 
7" in diameter with a 1" central mounting 
arbor 11. The disc comprises an abrasive 
layer 12 of substantial thickness bonded to a 
flexible backing consisting of two layers 13 
and 14 of latex-impregnated burlap or osna- 110 
burg cloth. The abrading component 12 of 
the disc is constructed of an abrasive-bearing 
thermoplastic resilient fibrous cushioning 
matrix 15 provided with a multiplicity of , 
small cavities 16 filled with micro segments 115 
17 of resin bonded abrasive material. The 
abrasive micro segments 17 are tapered on 
four sides and arc generally pyramidal in 
shape with the base of the pyramids adjacent 
the flexible backing of the disc and the tips 120. 
IS extending, through the fibrous matrix or 
reticulum 15. The abrasive surface of the 
disc, as shown in Figure 1, consists of a 
multiplicity of small rigid bonded abrasive 
bodies constituting the tips or uppermost 125 
portions of the individual abrasive micro seg- 
ments 17 surrounded by the thermoplastic, 
abrasive containing matrix or reticulum 15. 
The result is the provision of an abrasive 
article having a functional surface made up 130 
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of ;i multiplicity of isolated i>ma!! hard- 
bonded . abrasive bodies surrounded ;md sup- 
porred by a matrix or zunc of softer, mo rc 
resilient or yiddahle nw.cria! that • h afco 
abrasive in character. 

Figures 3 and 4 ■ show' a modified form of 
abrasive disc, similar to that shown in Figures 
1 and 2, but in which, in addition to the two 
layers of latex-impregnated fabric 20 and 2\ 
and the primary abrasive layer 22 containing 
the abrasive micro segments 23 extending over 
the entire surface of the disc, there is pro- 
vided a supplementary layer of fabric between 
the abrasive layer 22 and the uppermost layer 
21 of the flexible backing. This secondary 
layer 24 is of heavy drill cloth in which the 
annular zone - extending in a. short distance 
from the periphery of the disc is moulded to 
form a number of pockets or cavities similar 
to those provided in, .the abrasive rcv.ciVara 
of the disc, the cavities being filled with abra- 
sive micro segments similar to those of the 
primary, abrasive layer 22 of. the disc.- This 
supplementary layer of abrasive micro seg- 
ments about the periphery of the disc serves 
to extend the life of the disc by replacing the 
layer 22 as it becomes worn away. 

Figures 5 and 6 depict "the preferred type 
of filamentary reinforced thermoplastic matrix 
30 or reticulum in which a network of reinforc- 
ing yams 27 is incorporated within the abra- ' 
. sivc-charged fibrous thermoplastic .resin reti- 
culum at the time of its. fabrication. It can 
be seen from the structural details of Figure 
35 ' £ b.w: r &i£ Txpwi .siics -ce "h:: mkro ^e.grnrcrs 
17 are held by the reinforcing filaments 27 
against disruption in the course of -grinding. 
The resilient cushioning action of the matrix 
or reticulum 35 permits of a controlled 
mobility of the individual segments 17'. and 
at the same time the abrasive panicle? 2S 
contained in the matrix 15 retard the wear- 
ing away. of the matrix or reticulum prema- 
turely so that as a result the overall cutting 
action of the disc is rendered effective by 
reason of the saw-tooth cutting action stern- 
.rning from the rigidly bonded individual abra- 
sive bodies in conjunction with the abrasive 
action of the matrix. 
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. • Figure 7 depicts 'an endless, abrasive bck ?0 
embodying .The 5,3 me- stnier^rai fen:ure<; 2s: the 
abrasive disc shown in Figures 1 and . 2. 

Figure S shows -a resin-bonded cutting-off 
wheel comprising a resin -bonded, abrasive hodv 
31 having bonded' to each of the lateral faces 
a single ply or layer 32. Each of the layers 
~32 is made up. 6f/a~n .abraMve-contaTn'ing* 'fib- 
rous thermoplastic resinous reticulum 33 con- 
taining a pattern of abrasive micro-segments 
34, As a result the sides of the cutting-olT 
wheel arc provided in use with a roughened 
and patterned cutting face in which the abra- 
sive is present in the outermost facets of the 
roughened surface. 

Any of the abrasive materials in common 



use. may be employed" i.r; .p:':K-;i :■■!••;;> rhi:: prwm 
invention. S\kU raster b3s j^ck-d? rAiu?r. c-vr- 
bide; ftr-d ah.:minium cvfe zr:\ir>\i if\::.:.. 

si;'e of the abrasive n - )av vary i-wiv* ihz 
polishing or bulling pvwd-n t.o .the c^r-r-er 
j;rit siz-ev used' in i?r;r~d 7 ;;t T . 
" WHAT mi CLAIAl'ls :™ 

T. An abrasive z:\kk: x^ri-rvAw i3 mi $ x i- 
phaty of- small, isolated, r^idiv-borided abra- 
sive 'bodies ■secured, in a "bonded ;iibr^.^ve- 
'■containing rornrix of a permanent!! v reiiilicr^ 
thermoplastic resin. ' 

2 . An a br as i ve a rt ide a s c 3a im ed .in dz Im 
U comprising a flexible baching to which the 
matrix " is. adhesively bonded, the rn:?.:rix rav- 
ing a filamentary reticulum cmheddi-d iherein/ 

3. An abrasive article as- claimed in claim 

1 or 2. in which the abrssivc Ixxiies .src 

"4: An abrasr/e article as ' claimed ' in dizvn 

2 or 3,' in which the abrasive bodies .are tacld ' 
■ in -the- .interstices of the recricuk:m' -with *he 
tipfs , extending Thereabcvc, 

5. An -'abrasive article -is claimed in' any 
preceding claim, .-in which the matrix is ' pro- 
vided with a multiplicity of tapered ' cavities 
in which the abrasive be dies are -located. 

6. An .abrasive article as -chimed in ' any 
of claims 2 to 5, in which the ' filaments of 
the reticulum act to reinforce the . abrasive 
bodies. . ■ , ' 

7. An abrasive 'article as claimed in any of 
claims 2 to 55 by wbieb the matrix ee::r~n*cv$ 



thermoplastic resin. 

S. An abrasive, article as claimed m -any 
preceding claim in which, the matrix com- 
prises a layer of interlocked 'fibres and an 
acrylic resinous polymerisation predircL 

9 . A n 1 a b ra s i vc a n i d e as ch.h r. ed in an v 
of claims 2 to S in which the ^laments of the 
reticulum are of ■ glass fibre. 
•'...10. An . a bra s i ve a n id e as ch i m ed .in' . a n v 
of claims 2 to S, in which the filament* of 
the reticulum are of nylon Sib re. 

■ 11. -An 'abrasive article' «ts daSrned -in anv 
preceding claim, in which the nnicle is formed 
as a liiver and is secured "to at !ea>: obe 
■lateral face of. 3 b 
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sivc aniclc having a functional. s;:r:\vcc of 
substantial depth comprising fermir;^ . an 
abrasive-containing fibrous m.urix bonded bx 
a thermoplastic resin, forming t;i^rcd -cavi- 
"ties in said matrix.. leading snid Arises with 
abrasive granules and a heat-barden^bk re^in 
bond, and' subjecting the matrix jo ^nd 
pressure to harden the resin bond and ma^re 
the thermoplastic resin of the m.itrix. 

13. A method of making a.ficxiWe afesive 
article as claimed in cininV 12. co::r^ri*ir,g" 
placing the abrasive-cb.arged rn^rrix ;3pon a. 
llexible backint: material which is united 'ra 
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the matrix upori the application of heat and 
pressure. ' ■ . 

14. A method of making a flexible abrasive 

■. "article as claimed in claim 12 or 13, com 
prising reinforcing the ma:ri\ with a network 
of filamentary strands exiendint''. in a plurality 
of directions," and forming the tapered cavities . 
in said matrix in the spaces formed by the 
network of , filamentary strands thereof. , 

■ 15. A method oi making a flexible abrasive' 
article as' claimed in any of claims 12 .to 14, 
in which the thermoplastic resin of the matrix 
is an- acrylic polymer.. . '• 

16. A method of making a flexible abrasive 
article as claimed in claim 14 or 15, in which 
the filamentary* strands of the matrix are glass 
fibre yarn. 



17/ A method- of making a ikxiblc abrasive 
article as claimed in daim 14 or 15, in_ which- 
the filamentary, 
nylon yarn. 

* IS. An abrasive article 
hereinbefore described with 
.accompanying . drawings. 

19. A method of making a 



brands of die matrix are 20 



substantially as 
reiercncc to the 



llo.ible abra- .25 



sive article, having a functional surface o. 
substantial depth substantially as hereinbefore 
described with, reference to the accompanying 
drawings. 
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